Abstract
The genus Pseudomonas is known to be abundant in the environment and, phylogenetically, more than 120 species have been validly published [1, 2] . These strains are involved in decomposition of organic materials, denitrification in the nitrogen cycle and promotion of plant growth. They also play an important role in the remediation of xenobiotic compounds such as chlorinated hydrocarbons that contaminate the environment [3] [4] [5] [6] .
During the screening of polychlorinated biphenyl-degrading bacteria from soil, a biphenyl-assimilating bacterium, designated strain KF707
T , was isolated from biphenylcontaminated sites in a biphenyl-manufacturing factory in Kitakyushu, Japan [7] . Specifically, a sample from biphenylcontaminated soil was cultivated for 7 days at 30˚C with shaking at 140 r.p.m. in enrichment medium (pH7.0) containing (in g l . For the agar plating medium (1.5 % agar), biphenyl was provided as a vapour by plating crystals on the lid of a Petri dish. The dish was sealed with polyethylene tape. Finally, a bacterial strain with the capacity for biphenyl assimilation, named KF707
T , was isolated. A pure strain of KF707 T was maintained at À80˚C as a suspension in Luria-Bertani (LB) broth (0.5 % yeast extract, 1 % tryptone, 1 % NaCl, pH 7.0) supplemented with 20 % glycerol.
Strain KF707
T had the ability to utilize monocyclic and bicyclic aromatic compounds such as biphenyl, 4-methyl biphenyl and benzoate as sole carbon and energy sources [8] . In addition, strain KF707
T was able to degrade polychlorinated biphenyls (PCBs) such as 4-chloro-, 2,3-, 3,4-, 2,4¢-dichloro-, and 2,4,5-and 2,4,4¢-trichlorobiphenyl [7] . The gene cluster involved in biphenyl and PCB catabolism from strain KF707
T was isolated and characterized [7, 9, 10] . The degradation pathway of biphenyl and PCBs was initiated by the introduction of molecular oxygen at the 2,3-position of the non-and less-chlorinated aromatic ring of biphenyl and PCBs. Biphneyl dioxygenase (Bph Dox) are multicomponent enzymes comprising four subunits, and a large subunit of Bph Dox (bphA1) is crucial for substrate selectivity [4, 9, 11] . By using the process of DNA shuffling, recombined bphA1 genes of strain KF707 T and Burkholderia cepacia LB400 exhibited enhanced degradation capacity for PCBs, as well as broader substrate specificity [11] . Recently, it was suggested that strain KF707
T has the ability to grow in the presence of toxic metals and metalloids as a biofilm, and it has been found to be chemotactically attracted to biphenyl and PCBs [12, 13] . [16] and Rosello et al. [21] .
In this study, the taxonomic position of strain KF707 T was determined by using a polyphasic approach, including phenotypic characterization, as well as phylogenetic and genetic methods.
The type strains of a species closely related to strain KF707 T , Pseudomonas balearica strain SP1402 T (DSM 6083), was used as reference strains for determination of fatty acid composition and phenotypic characterization [14] . Unless otherwise mentioned, the strains were cultivated on trypticase soy (SCD) agar at 30˚C. Phenotypic characterization, such as Gram staining, production of catalase and oxidase, hydrolysis of gelatin, casein and starch, arginine dihydrolase activity, nitrate reduction and indole production, was determined according to Barrow and Feltham [14] . Growth in SCD broth for 1 day was assessed at 30, 37, 42 and 45˚C. Growth with different carbon sources was tested by using the API20NE kit (bioM erieux) following the manufacturer's instructions. Cell morphology and flagellation were observed by optical microscope (BX50F4, Olympus). The motility of cells was tested by the hanging drop method [15] . Cells of strain KF707 T were 1.5-2.0 µm long and 0.7-0.9 µm wide, aerobic, Gram-stainnegative, motile and non-sporulating short rods (Table 1) . Cells were able to grow at 30-37˚C and did not tolerate 8 % (w/v) NaCl; they were positive for catalase, oxidase, nitrate reduction and gelatin liquefaction, but negative for arginine dihydrolase and indole production activity. Detailed characteristics are summarized in Table 1 . Compared with the results of [16] , strain KF707
T could be differentiated from the most closely related species, Pseudomonas balearica strain SP1402 T (DSM 6083), in being negative for tolerance to 8.5 % NaCl (w/v), hydrolysis of starch and growth at 42 and 45˚C, but positive for gelatinase activity. In the API20NE system, the strain was positive for b-galactosidase, catalase, oxidase and lipase activities. Negative for indole, urease, cytochrome oxidase and argine hydrolase production. Positive for nitrate reduction and aesculin hydrolysis. Positive for assimilation of glucose, D-mannose, phenyl acetate, sodium citrate, N-acetyl-D-glucosamine and maltose. Negative for assimilation of L-arabinose, D-mannitol, potassium gluconate, n-capric acid and adipic acid.
Whole-genome sequencing was carried out at the National Institute of Technology and Evaluation (www.nite.go.jp) by using a combined method of shotgun sequencing using the 454 GS FLX+ system (Roche) and paired-end sequencing using the Miseq and Hiseq1000 sequencing systems (Illumina). Newbler version 2.6 (Roche) was used for assembly. Genome sequencing showed that the genome of KF707 T consisted of chromosome and one plasmid. The DNA G+C content of strain KF707 T was 65.5 mol% of chromosome and 60. 
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T belonged to the Pseudomonas aeruginosa group (Fig. 1) , sharing highest similarities with Pseudomonas balearica strain SP1402 T (DSM 6083) (97.8 %). However, strain KF707
T showed low levels of sequence similarity to P. aeruginosa LMG1242 T (97.1 %) and Pseudomonas alcaligenes LMG1224 T (96.9 %), indicating that they are not related at the species level. Phylogenetic analysis of the housekeeping gene (gyrB) was also performed in this study. The phylogenetic tree further distinguished strain KF707 T from P. balearica strain SP1402 T (DSM 6083) (84.5 % similarity), Pseudomonas stutzeri IFO 14165 T (84.1 %), Pseudomonas xanthomarina CCUG 46543 T (79.3 %) and Pseudomonas chloritidismutans AW-1 T (80.5 %) (Fig. 2) . These results indicated that phylogenetic trees generated from the housekeeping gene exhibited higher resolution at the species level than those based on 16S rRNA gene sequences. Strain SP1402 T , LMG1242 T and LMG1224 T had no plasmid DNA.
Strain KF707
T was cultivated for 48 h on LB plates at 30˚C to obtain the cell mass required for quinone analysis. Total lipid extraction and purification was carried out by the method described by Bligh [19] from freeze-dried cells. Quinone analysis was performed by following the methods described by Tamaoka [20] . Strain KF707 T contained Q9 as the respiratory quinone. The presence of Q9 as a major ubiquinone was in agreement with the results obtained for species of the genus Pseudomonas [18] .
Whole-cell fatty acids were analysed as described by the manual of the Sherlock Microbial Identification System (version 6; MIDI). Strain KF707
T was cultured on nutrient broth agar at 30˚C for 24 h to reach the late-exponential phase. P. balearica SP 1402
T was used as a reference strain for the analysis of fatty acid composition. The fatty acid profile of strain KF707
T is shown in Table 2 . The two strains had similar fatty acid profiles, in which C 16 : 1 !7c/C 16 : 1 !6c. was the major component. However, major variations were observed in the fatty acid profiles (Table 2) . Specifically, unsaturated fatty acid, such as anteiso-C 15 : 0 which was the major fatty acid in strain KF707
T , was not detected in P. balearica strain SP1402
T .
Based on the results presented here, strain KF707 T is considered to represent a novel species of the genus Pseudomonas, for which the name Pseudomonas furukawaii sp. nov. is proposed.
DESCRIPTION OF PSEUDOMONAS FURUKAWAII SP. NOV.
Pseudomonas furukawaii (fu.ru.ka.wa¢i.i. N.L. gen. n. furukawaii of Furukawa named after Kensuke Furukawa, a Japanese microbiologist who notably contributed to the understanding of microbial and molecular biological mechanisms involved in biphenyl/PCB degradation).
Cells are Gram-stain-negative, aerobic, motile, straight rods, 1.5-2.0 µm long and 0.7-0.9 µm wide. Colonies are circular and white with entire edges. Able to grow at 30-37˚C and have no tolerance to 8 % NaCl. Positive for catalase, oxidase, nitrate reduction and gelatin liquefaction, but negative for arginine dihydrolase and indole production activity. In the API20NE test, positive for utilization of glucose, D-mannose, N-acethyl-D-glucosamine, maltose, sodium citrate and phenyl acetate. Negative for utilization of the following carbon sources: L-arabinose, D-mannitol, potassium gluconate, n-capric acid and di-malic acid. The major cellular fatty acids (10 %) are iso-C 15 : 0 and C 16 : 1 !7c/C 16 : 1 !6c.
The type strain is KF707 T (=NBRC 110670 T =DSM 10086 T ), isolated from a soil sample of a biphenyl-contaminated site in Kitakyushu, Japan. The DNA G+C content of the type strain is 65.5 mol% of chromosome and 60.5 mol% of plasmid.
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